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__bg
4reg/RT + X2

Potential at P due to Ag =

ZAq

dneg/RT + X2

entire ring is simply

since potential is a scalar, The potential due to the
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Chapter 18

1. @ =1t= (45 AX7 h)(3600 s/h) = 1.1 X 105 C.

_ 0 _ (1000)(1.6 X10°C) _ ,
3 I=% = 2= 4 X101 A

4. V =1IR = (0.15 A)X3000 Q) = 450 V¥

6. (a) Since V = IR, if R stays constant, current will drop 10% as well, to 2.70 A.

120 V
3A

bR = X09=136Q

_Q_ It Vi (QA5WE0s) N
7 Number = & = = R = G2 O)(1.6 X 0FC) = 462X 10

8. V =1IR = (1500 A)(1.8 X 10° Q/m)(0.03 m) = 8.1 X 104 V

9. I'=Qjt=epvA. Hence v = (1 A)/(1.6 X 107 C)/(10¥/m*)/(x X 10 m?) = 1,99 X 105 m/s.
We have used vA as the volume swept out in a second. We have also worked out the averag
velocity not speed.

pf _ (1.68 X 10-% ©-m)(3 m)

10. R == x10-9?

=285 X102 Q
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S
1

PL/R = mr?

a8
]

2r = 2pL/nR)?

2[(5.6 X 10® ©-m)(0.30 m)/[x(0.20 Q)]%
d=327 %X 10*m = 0327 mm

o [&) (42 _ 30 m](1.8 mm)® _
R, =R, [2—] [d_;] = (28 Q)[25 m] Gamyr - 1210

Yes. R, = Ri(p/p)(d\*dD).

1 1
If R, and R, are the same, d, = d,(p,/p,)? = (2.00 mm)(5.6/1.68)? = 3.65 mm.

pr = pol + 0AT)
1.25 = (1 + 0.0068(C°-)AT)

025 . oo
AT = 50068 ©1 = 208C

1.68 X 102 = 5.6 X 10#[1 + (0.0045)AT]
AT = -156 C°
T = 20°C - 156C° = — 136°C

Ruor = Reopll + @AT). Hence AT = [(140 ©)/(12 ©) — 11/(0.0060/°C) = 1778° C = 1.8 X 10°C°.

(3.0 X 10-5Q-m)(0.01 m) _

@R = =Gz mo. 03m - o0XxX10*Q

(3.0 X 10-5Q-m)(0.02m) _

MR = =G oTmo. 03m) - 20 X10°Q

(3.0 X 10-5Q-m)(0.03 m) _ ;
©R = =501 m)©0.02m) =4.5X10° Q
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Assume the wires are welded end to end.
_ (1.68 X 10-8 Q-m)(6 m)

R=Ri+ Ry Ri= o gomas o = 00321 Q
_(2.65X10°% Q-m)(6m) _
R = 103 my > = 00506 @

V = IR, + Ry) = (8 A)0.0506 Q + 0.0321 Q) = 0.66 V.

R = R, + R, = Rjy(1 ~ 0.0005AT) + Ry(1 + 0.0004AT)

At zero degree, Ry + Ry = 2.8 X 10° Q.

If R is not to change, —0.0005R,, + 0.0004R,, = 0
Ry =156 X10°Q, R,y = 124 X 10° Q

R = VP = (240 V)*/(3 X 10° W) = 192 Q.

P =VI=(9 V)300 X 10° A) = 2.7 W.

1

V = RPY = [(300 Q) [}T W”2 = 8.66 V.

P =1V = (150 A)12 V) = 1800 W.

A KWh is (10> W)(3600 s) = 3.6 X 105 J

_ (1300 J/5)(45 min)( 6.0 /min) _
KWh used = =3 &< 10¢ /KWh = 0.975 KWh

Cost = (Energy consumed)(cost/KWh)

= (25 J/s)(3600 s/h)(24 h/d)(0.080 $/kWh)/(3.6 X 10% JkWh)

= 0.048 $d or $17.52 per year.

Energy stored = (40 A)(12 V)(3600 s) = 1,73 X 106 J



\Q-

29.

30.

31.

32.

33.

35.

100 W
Each bulb draws 20V = 0.833 A
20 A
"= o533 A - bl

Efficiency = (100%)(0.5 X 740 W)/(4.4 A)/(120 V) = 70.1%.

P 440 X 10° W

Power consumed in lines is PR = (36.67 A)}(3 Q) = 4.033 kW.
440 X 10° W
At40,000V,I-T'OW- 11 A

Power consumed = (11 A)’(3 Q) = 363 W
Power saved = 3,67 kW.

_12l,im
AT = [—s]/[}-]/c
(240 V) (7.6 A)

Hence mass per sec is @180 J1/kz°C)(6°C) = 0.0727 kg/s or 262 kg/h

=174 A

= [2 W= mcAT _ (90°C)(200 X 10-3 kg)(4180 J/kg-°C)
Tt oV T (6 min) (60 s/min)(12 V)

240 V refers to rms value.
Peak voltage = 42(240 V) = 3394 V=339 V

339.4 V
hew = 37310 = 0,106 A.

| %4 . 180V
I= E, peak current 18 220_Q = Q._8_l_8_A.
ms current is M = 0578 A.
V)

R = VP = (120 V)60 W = 240 Q

Chapter 18 Electric Current
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36. V,m,=—M-=47OVorMX1WV,
< (3A)

_2as wy
37 1=Yor = 0884 A,

38' Ppcnl = Ip:ukvpenk = (ﬁ)(ﬁ)volo - 2))nns = M'

_V: Qa0 vy
39. P =g =g = 384 KkW.

Maximum power is twice of this, i.e. = 7.68 kW.
Minimim power is zero.

40. E=1Vid= (70 X102 V)/(10-* m) = 7 X 10° V/m.

41 v =(72 X102 m - 3.4 X 102 m)/(0.0063 s — 0.0052 $) = 34.5 nys.
The nerve response time must be eliminated.

42. E = CV¥2 = (10 F)(100 X 10 V)¥2 = 5 X 1011 ],
P = E/t = (5 X 10" J)(10%)(100 pulses/s) = 5 X 105 W.

43.  Current per m? is (3 X10-7 mol/m2-s)(6.02 X 10 ions/mol)(1.6 X 10-" Cfion) = 2.89 X 10-2 A/m?
P =1V = (2.89 X 102 A/m?(0.1 m)(2 m)(105 m)(30 X 10 V) =545 X 10 W.

44. 1 ampere — hour = (1 C/s)(1 h)(3600 s/h) = 3600 C.

45. Assume V = 120 V.
1 = (0.5 hp)(746 W/hp)/(120 V) = 3.1 A.

46. 1 =PIV =(92 W)(12V) =167 A
Time = (45 A-h)/(7.67 A) = 587 h.
A-h refers to the total charge on the battery.



48.

49.

50.

52.

53.
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P = VYR, R = V}P = (120 V)¥/(1800 W) = 8 Q
R = pL/ln(d/2)’}

1
d= [4pL/7rR]5 = (4(9.71 X 10 Q-m)(7.0 m)/[n(8 Q)]]li = 0,329 mm.
V=IR,R=VI,G=1R=1V= (0.70 A)/(3.0 V) = 0.233 siemens.

(a) P = (1500 W)(2.5 h) + 6(100 W)(6 h) + (3300 W)(1.2 h) + 1600 W+-h = 12.91 kWh/d
Cost = (12.91 kW - h/d)(30 d)($0.090/kW - h) = $34.86

(b) Total P = (365 d/y)(12.91 KW -h/d) = 4.71 x 103 kW-hfy = 12.91 kWh/d
Power plant puts out
(0.35)(7000 kcal/kg)(4180 J/keal) = 1.02 X 107 J/kg
M, = 4.71 X 10° kKW - h)(3.6 X 106 J/&KW -h)/(1.02 X 107 J/kg) = 1660 kgly

R, = pLy/A,

1
L,= '2'L1, Ay = 24,

R, = p(L/2IQA) = (pLi/AD/A = Rifd

R = VYP = (117 V)¥(1200 W) = 114 Q.

New power = (105 V)/(11.4 Q) = 966 W or a 19.5% drop.

Resistance would be less because temperature would drop, so power would not drop as much as we
have calculated.

R = P/I? = (1.8 W)/(40 A)* = 0.001125 €.

Butd = (4 pf/nR)li = [(4)(1.68 X 108 Q-m)(1 m)/n/0.001125 Q]%.
d = 4,36 mm.

(a) w = 180 rad/s or 28.6 Hz.

) > A =141 A

(©) Vo = (2 AX50 Q) =10V
v = 100 sin 180 ¢, V in volts, ¢ in sec
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R, = pLi/A,

Vol = LA, = LA,

L, = 2L, so A, = A2

R, = pLjJA;, = pQL)/(A/2) = 4 pLi/A, = 4R, = 4(1.00 Q) = 4,00 Q.

R, = pL\/nr®

L, =2L,

n =2

R, = pRLYIAQ2ry)* = (pL/ar)f2 = Ryf2

P, = VYR,

P, = V¥R, = 2V¥YR, = 2P,

PPy =2

Mass of airftime = [%;’—3—] (1.29 kg/m?)(45 m?)/(1800 s) = 3.00 X 10? kg/s

O/t = mcAT/t = (300 X 102 kg/s)(0.17 kcal/kg - C9)(15 C°) + (550 kcal)/(3600 s)
= (0.229 kcal/s X(4180 J/kcal) = 959 /s
At 100% efficiency heater must put out 959 W,

(a) 30 km/h = 8.33 m/s
P = Fy = (220 N)(8.33 m/s) = 1833 W/(746 W/hp) = 2.46 hp.

(b) Energy in battery = (10)(70 A-h)(12 V) = 8400 W-h
Time = (8400 W -h)/(1833 W) = 458 h
Distance = (30 km/h)(4.58 h) = 137 km

pL/A, m = DLA, A = m(d/2)*
M/DL

R
A
R = pLAM/DL) = pL*D/m

nouwon

L = (RM/pD)% = {(15.0 €)(0.0142 kg)/[(1.68 X 10 Q- -m)(8.9 x 10° kg/m3)]}5
L=378m
A = M/DL = (0.0142 kg)/[(89 X 10° kg/m?)(30.1 m)] = 531 X 108 m? = n(d/2)?

1
d = [4(15.31 X 10 m3)/t n}? = 0,232 mm
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Chapter 19

Series: R = 6(80 Q) = 480 Q.

Parallel: Ilt =6/80Q, R=133 Q=13 Q.

Maximum in series: R = 600 Q + 800 Q + 1300 Q = 2700 .
Minimum in parallel: 1/R = 1/600 2 + 1/800 © + 1/1300 Q.
R =271 Q

Put three 1 € resistors in series, The voltage across any one resistor is 2 V.

(i) All three in series gives 300 € as they add (ii)) one plus two in parallel. The latter has a
resistance of 1/[1/(100 Q) + 1/(100 Q)] = 50 . Thus in total we have 100 Q + 50 Q = 150 Q.

(iii) Two in series, i.e. 200 Q, can be connected to 100 Q in parallel.

R = 1[(200 ) + 1/(100 Q)] = 66,7 Q. (iv) All three in parallel R = [3/(100 Q)] = 333 Q.

The upper two resistors are in series, for 2(2.2 k Q) = 4.4 k Q. This plus the diagonal AB in parallel
give 1/[(1/4.4 k Q) + 1/(2.2 k @)1 = 1.47 k Q. This is in series with BC, for 3.67 k Q. This is in
parallel with AC, for 1/{(1/3.67 k Q + 1/22 k Q)] = 1.375 k Q. This then is in series with the last
resistor R, for 1375k Q + 22k Q = 36 k Q.

(@V=120VE8=15V.

(®) R
P

VI = 15 V/(0.6 A)
VI = (15 V){0.6 A)

25 Q.
I W.

Total current through circuit is 8(280 X 102 A) = 2.24 A

Voltage across 2 Q is (2.24 A)2 Q) = 448 V

Voltage across each light is (120 V - 448 V) = 11552 V
. . 115,52V

Resistance of each bulb is 0280 A - 413 Q

Power wasted _ PR _ (2.24 Ay (2Q)

Total Power ~ IV = (2.24 A)(120V)

= 0.0373 or 3,73 %

(1(8.0 W) = J(120 V). Hence I = 0.467 A. But for each bulb voltage is (120 V)/7.
Hence R = (120 V)/7/(0.467 A) = 36.7 Q.
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9. Inseries P = VYR = (120 V)¥(R, + 2.8 X 10° Q).
In parallel 4 P = (120 VY?[1/R, + 1/(2.8 X 10° Q).
Dividing gives 1/4 = (2.8 X 10° Q)(R)/(R, + 2.8 X10° Q)2
Solving gives R = 2800 © or 2.8 k Q.

10. YR = 1R, + 1/R, = (75 W)/(120 V)2 + (40 W)/(120 V)2, R = 125 Q.

11.  Apply Kirchoff's Laws:
Circuit DCA: 12 V = IR + IR
ACB: -I,LR + IR + LR = 0
ABE: -ILR + LR + IR = 0
Also: Li=L+1,1, =1, + I

Solving, I = 0.385 mA 24 KO

I, = 5I5 = 1923 mA E B
I, =25 = 0769 mA Is
I, =3I, = 1,154 mA
]l = 8]5 = :LQZZ mA l,‘
Vap = LR = (0.764 mA)2.4 k Q) = 185 V % ’ 42,
I4
A ANAA C
I,

I 3

-1

] ] + 19k Q = 2655 Q,

1
i3kt i3k

12. Total resistance of circuit is [

Thus if ¢ volis is applied to circuit, there is a ¢ 12695% = 0.716 ¢ voltage across the 1.9 k Q

resistor and a 0.284 ¢ across voltage across the other two.

2
The wattage P = VT- and is maximum for the 1.9 k Q resistor.

1 1
This therefore will blow first when 0.716 ¢ = (PR)* = [(0.5 W)(1.9 k Q)]?
= =431V
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r 0.6 Q
V=E—-1r=E[1—R+r] =(6V)[1—78—Q] =55V

A.5v) -
G20 + 430 - L8LA

\4
I—E_

There is effectively zero terminal voltage. Thus r = E/I = (1.5 V)/(30 A) = 0,05 Q.

voltage drop _ 12V - 8.8V _
current drawn 70 A = 0046 O

Internal resistance =

The 84 combination in parallel has a resistance of 2.7 . Combined with the 6 and 10 this gives a
resistance of 4.8 Q. The current in circuit is (9 V)/(4.8 Q + 5.5 Q) = 0.87 A. Voltage drop across
48 Qis 42 V. Voltage across the 2.7 Q is [(2.7 Q)/(8.7 ©)1[4.2 V] = 1.3 V. Hence current in 8 Q
resistor is (1.26 V)/(8 @) = 0,16 A.

o V.9
"R B+12+2)

IV = 9V - (8 Q)0.41 A) — (12 Q)0.41 A) - (2 2)(0.41 A) = 0

= 041 A

Total emf = 6 V. Total resistance is 9.6 . So I = (6 V)/(9.6 Q) = 0.625 A. The terminal voltage
across the 18 V battery is E - JR = 18 V — (0.625 A)(1 Q) = 174 V.

The terminal voltage across the 12 V battery in which the current is passing the "wrong way" is
E+Ir=12V + (0625 A)2 Q) =133 V.

Use Kirchoff's rules. Circuit fedhag: 80 =17, + 20 7, — 30 1,.
Circuit cbahd: 45 =41 1, + 30 1,. Also I, = I, + I, from point a.
Solving gives I, = —-0.858 A. I, =259 A, I, = 1.72 A,

Hence V,;, = —(0.858 A)(30 Q) = =257 V.

Use I, and I, from Problem 20.
V=E-Ir=45V-(172 A0 Q=433Y. V=E-Ir=80V - (259 A1 Q) =714 V.

Upper loop: 9=241, + 18 1,.
Lower loop: 6 = 24 I,.
Solving, I, = 017 A 10 left, I, = 0.25 A to right.
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23. Upper loop: 9 =241, + 18 L +11,
Lower loop: 6 =24 I, + 1(J, - 1,).
Solving, 1,=0.246 A, I, = 0.162 A.

24. 1.2 Circuit eabce: 6 = 30 I, + 12(1, - I).
Circuit abd: 0 =30 I, + 10 I, - 15 - I).
= Circuit bdc: 0= 10 I + 120 — 1, + I) - 120, - I,)
a
[
I
d I—'?; +12
€ 1

Solving gives J = 0.3711 A, I, = +0.1321 A, I, = -0.0377 A
Lo =1, =01321 A, I,y=1-1,=0239 A, I, = I, = - 0.0377 A
he=5 -1, =01698 A, I, =1 -1, + I, = 02013 A.

25. The circuit becomes; 1/R 1/12 + 1/[12 + (10)(15)/25]
=112+ 1/18; R=72 Q
I=6V/12Q=0833 A

I, =6 V12 Q =05 A. Thus,
I+ 1, =0333 A I, = (0.333)
[15/(15 + 10)] = 02 A.

I, = 0333 - 02 = 0,133 A.

26. Apply Kirchoff's laws to the two independent circuits.
24=115L+211. 18=341,+ 211, And I, =1, + I,
Solving gives 1, = Q.769 A, I, = 0714 A, I = 0,0546 A,
V=E_-Ir=6V - (0056 A1 Q) = 596 V.

27.  Apply Kirchoff's laws to the two independent circuits.
24=95L+111, 18=341,+91, And I, + I, = ],.
Solving gives I, = 130 A, I, = 1.12 A, I, = 0.185 A.
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Upper loop: 2 = 1,(0.1) + (/, + 1))4
Outer loop: 3 = L4(0.1) + (/; + I,)4
Adding, 5 = 8.1(1; + I)).

V=y,+ 5L)4=(581)4) =247 V.

1 4.0Q

s AN
20V 0.1Q
| i AN

1,

Iy | 019
| I AN
30V

Parallel: C,, = 6(2.8 uF) = 168 uF
Series: C,, = 1/[6/(2.8 uF)] = 0.467 uF

1 in lel.

Want to reduce capacitance, so add capacitor in series with 3600 pF.
1/(2000 pF) = 1/(3600 pF) + 1/C
C = 4500 pF

0, = (eA/d)V. Q, = (EAJD)V. Q5 = (8A/D)V.
Hence by adding Q/V = gy5(A/d, + AJd, + AJd,). This is same answer as eq 19-3.

@) C = C, + (1/C, + 1/C;)

(b) C = 8 uF + V[1/(8 uF) + 1/(4 uF)] = 10.67 uF
Total Q = CV = (10.67 pF)(60 V) = 640 uC
Q, = CV = (8 uF)(60 V) = 480 uC
Q, = Qy = (640 uC — 480 uC) = 160 uC
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C = 1800 DF + [1/2/(1800 pF)] = 2700 pF
E = CV¥2 = (2700 X 1072 F)(200 V)2 = 5.4 x_10° ]

For maximum capacitance, put all 3 in parallel.
C=3000pF+6000pF+0.010uF=Qm2y_E.

For minimum capacitance, put all three in serics.

C = 1/[1/(3000 pF) + 1/(6000 pF) + 1/(0.010 uF)] = 1667 pF

— -Cl C2 =
(a) Total C = C e = 012 iF

Hence Total Q = CV = (0.12 uF)(9 V) = 1.08 ucC
This is charge on each capacitor.

Hence V, = % = ]()()TsﬁFq =34V and V, = 3,6 V across 0.3 puF capacitor

(b) 0 = 1.08 uC on each

(c) In parallel, C = 0.5 MF, V across each capacitor is 9V.
Hence, 0, = (9 V)(0.2 uF) = 1.8 uC and 0, =27 uC.

= (5 UF)(@ pF) _
WE= 2 Ry v @y - 2LE

(b) For the 2 uF, voliage is 60 V.
Charge on each capacitor for C, and C, is (2.22 uF)(60 V) = 133.3 uC.

133, 133
v,=3§;‘m”c= ﬁ,zv,andvﬁ%lz:aaggy.

R =1C=(3.05)/3 X 105F) = 105 Q.

From Problem 17, voltage drop across the 6 Q is 4.12 V — 126 V=286 V.
This is the steady state voltage across the capacitor too, as when fully charged no current flows to it,
and it acts as if it had infinite resistance, i.e., were not present at all.

Hence @ = CV = (3 F)(2.86 V) = 8.58 uC.

(@) T =RC = (22 X 10° Q)/(0.70 X 10% F) = 1,54 X 102 s

-2
(b) 10 V = 12 V(1 - e+t = 10 »)
expl -1/(1.54 X 102 C)] = 0.167
~1/(1.54 X 102 s) = -1.79
t =276 X102
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(Change "Now" to "How")

T =RC = (7500 Q)2 X 10° F) = 0.015 s
0.01 V = V[ewous]

exp[ —#/(0.015 s)] = .01

—1/(0.015 s) = -4.60 s

t=00691s

@V,=024 V)44 Q)/88Q+44 Q) =8 V.

(b) Total capacitance is C,C/(C, + C;) = 0.16 uF.
Hence Q on each capacitor is (24 V)(0.16 pF) = 3.84 uC.
Hence V, is (3.84 uC)/(0.24 uF) = 16 V.

(c) When S is closed V, — V, is eventually zero. So V, =V, =8 V.
(d) Charge in region b is —3.84 uC + 3.84 uC = zero when § is open.
When S is closed charge on 0.24 uF capacitor is (0.24 puF)@8 V) = 1.92 uC.

Charge on 0.48 pF is (048 uF)(16 V) = 7.68 uC.
Thus total flow of charge from b to a is -7.68 uC + 1.92 uC = - 5.76 uC.

R = (30000 Q/V)(5.0 V) = 150 kV

I = (1.0 V)/(5000 Q) = 200_pA.

Short it with a resistance that passes (10 A — 120 mA) = 9.88 A when 10 mV is placed across it,
ie., R = V/I = (10 mV)/(9.88 A) = 1,012 X 103 Q.

The voltage for full scale deflection is /R = (70 X 10-¢ A)(30 Q) = 2.1 X 102 V.

(a) For an ammeter, need a shunt resistance in parallel that passes (15 A — 70 pA) when subject to a
2.1 X 103 V potential.
R=ViI=14X10%Q.

(b) We need a multiplier resistance in series that has a potential of (3000 V — 2.1 X 103 V) when a
current of 70 X 105 A passes through it
R=V/I =429 X 10’ Q.
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(a) Full scale sensitivity = 1V/(50000 Q) = 0.02 mA.
Voltage across galvanometer at full reflection is (28 2)(0.02 mA) = 56 X 104 V. We nee
shunt resistance that will carry (10 mA — 0.02 mA) = 998 mA at 5.6 X 104 V, or
R =V =00561 Q.

(b) We need a "multiplier” resistance in series such that when a current of 0.02 mA passes through i
we have a voltage drop of 100 mV — 0.56 mV = 99.44 mV, so
R = V/I = (99.44 mV)/(0.2 mA) = 4972 Q.

At full scale the current ronning through the milliammeter is 10 mA.

The resistance is R.R,/(R, + R,) = (30 ©)(0.2 2)/(30.2 Q) = 0.199 Q.

Thus full voltage for full deflection is IR = 0.00199 V. We must therefore add a multiplier resistance
in_series with the milliammeter such that when a (10 V - 0.00199 V) potential is applied 10 mA runs
through it. Hence R = V/I = 1000 Q. Sensitivity is 1000 ©/10 V = 100 Q/V which is not very
good.

Before connecting the voltmeter voltage across the 37 k Q and 42 k Q resistances are 90 V[g;—:%]

and 90 V[%] ie. 4215 V ana 47.85 V respectively.  The voltmeter is assumed not to affect

this vollage but in fact it does and the voltmeter measures the changed voltage. For the 42 k Q

100k Q
m] = 20.58 k Q.

(90 V)(29.58 k @) 40 V
(29.58 kQ + 37k Q) ~ ’

measurement, the resistance now is 42 k Q[

Thus the voltmeter reads

For the 37 k © measurement, the resistance is 37 k Q[:gg%] =270k Q.
OV)(27 k Q)
The voltmeler reads Wg_) =352 V.
. .. 4785V -40V
The error in the first reading is A 8V = 16.4% low
The error in the second reading is 42'122\’1; \3/5'2 = 164% low

E=Z3Ir = (32 X 103 A)B0 Q + 800 Q + 500 Q) =4416 V
When the ammeler is removed,

4.416 V
I'= T30 = 340 mA
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R\ R,

The resistance of the voltmeter and the 6 k Q is ——=—
R, + R,

= 4286 k Q.

Total resistance of circuit is 10.2875 k Q.

) 9V
So, current is m = (0,875 mA.

This is what the ammeler reads.
The voltage drop comes across the voltmeter is (4.286 k ©)(0.875 mA) = 375 V.

Internal resistance of voltmeter is (1000 ©/V)(3 V) = 3000 Q.
Effective resistance of 8.9 k Q resistors when shunted by volimeter

RR, _(B9KkD(3 kQ)

R, +R,_~ 119k Q = ZIrage.

is

But voltmeter reads 2 V; hence current through system is % = 0.89 mA.

E=(08 mAY B9k Q+224k Q) =993 V.

Voltage across the 15 k Q resistance without the voltmeter is 4 V.

Assume 4 V(0.97) = 3.88 V is voltage when voltmeter is attached.

Current through remaining 15 k Q resistance is (8 V ~ 3.88 V)/(15 K Q) = 0.274667 mA.
Current through first 15 k Q resistance is (3.88 V)/(15 k Q) = 0.258667 mA.

Current through voltmeter is the difference, i.e. 0.0160 mA.

Thus R = V/I = (3.88 V)/(0.0160 mA) = 243 k Q.

The resistance of the voltmeter in the first case is (20,000 /V)(100 V) = 2000 k2. The effective
resistance of the 120 kQ and 2000 kQ in parallel is (2000 kQ)(120 k€)/(2120 Q) = 113.2 kQ.

Thus 7 = (V/R) = (25 V)/(113.2 kQ) = 02208 mA. Thus E = 0.2208 mA(113.2 kQ + Ry.

In the next case the resistance of the voltmeler is (20,000 Q/V)(30 V) = 600 kQ.

The effective combination resistance is R = (600 k€2)(120 kQ)/(720 k) = 100 kQ.

Thus 7 = (23 V)/(100 kQ) = 0.23 mA. E = 0.230 mA(100 kQ + R,).

E = (0.2208 mA)(113.2 kQ + R,). Solving, 0.0091667R, = 1.998.

Hence R, = 218 kQ. E = 73.1 V. V = (73.1 V)(120 kQ)/(120 kQ + 218 k€2) = 260 V.

Let I be current through battery in the first case and 7, be current through volimeter.
3V 3

ls=10kQ=O.3mA.1—18=R—)and]R2=9V—3V=6V.
6 s _ 3
Hencek—z— 03 X103 = R
Insecondcasel:ﬂl—=04mA I—]=ianle=9V—4V=5V.
BT 10kQ ) ’ E R, !

5 s 4
Hence R 04 X 1073 = 7

Solving, R, = S kQ and R, = 6.7 kQ.
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56. Let IRJI(R, + R;) = (0.25 V)/(9 V).
Then R, = 0.0286 R,. At the moment the voliage across Aus
0.25 V and the resistance is infinite. If we make R, small abou,
1 € and connect AB 1o a 2000 Q resistance nothing will change as
2000 2 » 0.0286 Q. So an arrangement is R, =140,
R, = 0.0286 Q.
57. P=VYR. 50 W = R = (120 V)¥50 = 288 Q. The 100 W
and 150 W give 144 Q and 96 2 respectively.
If 288 2 and 144 Q are connected in parallel
R = (288 Q)(144 ©)/(288 + 144 Q) = 96 Q. Possible
connection is shown in diagram. If A touches CD 96 Q. If
B touches C only or D only 144 Q or 288 Q is the
- resistance,
58. V =1IR = (3.0 A)300 m)(0.0065 Q/m) = A%

ie, applied voltage is 120 V - 58 V = 114 V = 1.1 X 10® V.

59. I=V/R = (220 V)3 X 10* Q) = 7.33 X 102 A.

60. (a) Total C = 0.6 uF. Energy = %

=432 X 105 J.

Note this neglects ohmic loss in battery.

(b) In series, C = CC‘TCZC = 0.133 uF. Energy = %2 = 9.6.X 10 ],
1 2

(c) Charge in case (a), Q = CV = (0.6 X 10 FY(12 V) = 7.2 X 105 C,
In (b), Q = CV = (0.133 puF)(12 V) = 1.6 X 105 C.

61. V=EQ -~ eRC), If t = RC, V = 0.63 E.
Thus, we need R = 4/C = (60 s/70)/(4 X 10- F) =214 X 105 Q.

62. (a) Response drops to 0.37 times that at ¢ = 2 ms in about 0.3 ms., thus T = 0.3 ms.

(MR = 7C = (0.3 X 10%)/(108 F) = 3 X 10* Q.
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63. Let r be the internal resistance of the cells and R the resistance of the hearing aid. None of the cells

65.

will deliver full voltage. The "terminal" voltage for the mercury cells is 3(1.35 V)(1 - 37/(3r + R)).
Here R = VP = 8§ Q. So delivered terminal voltage is 4,00 V.
Similarly the dry cells deliver 3(1.5 V)[1 - 3r/(3r + R)] = 3.98 V. The power wasted in the mercury
cell is V3r = (4.05 V - 4.00 V)¥3/(0.03 ) = 0.0278 W. The power wasted in the dry cell is (4.5
V - 3.98 V)¥3/(03 Q) = 0.30 W, ie. dry cells run_down faster.

120V

|4
@7 =% = 10006 =

12 A.

(b) It makes no difference to the voltage applied to the body, thus 7 = 0,12 A.

(c) The voltage is no longer 120 V,
; (1000 Q)(30 )

The two resistances have a total resistance o 1030 O

=29.1 Q.

There is internal resistance of source

L _laov
“14A

Total resistance = 114.8 Q.

120 v
114.8 Q

The voltage across the body is /IR = 304 V.

. 30.4V
The current through the body is 10000 — 30.4 mA.

= 85.7 Q.

The current is = 1.045 A.

(a) IR, = I )R, and IR, = I\R,

IR, IR,
So =2 =
IR, LR,

_R2
SO Rx _R_]I?J

)R, = R, %] = (234 kQ) [%] = 484 KQ.

.

R, = R,[’ﬁ - (476 Q) [gz E:] 11 Q= EA£

£(10.6 X 10 Q- m)
06X 10°m) 2

11.1 Q = Hence ¢ = 118 m.
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67.

68.

69.

70.

71.
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(@) Viae = E,
E, = IR, and E5 = IR;

E, IR,

(b) E,

A 13.8 cm) _
E, [E] = (1.0182 V) [—3” cm] 0443 V

(c) The voltage may not be exactly balanced AV = (40 ©)(0.015 mA) = 6 X 10* V. This of cours
could be of either sign,

(d) When subtracting two large numbers whose difference is close 10 zero, better precision can b
obtained by measuring the difference directly than by measuring the numbers individually. Th
"null" method measures this difference between Jarge numbers.

(a) All the pegative plates have the same potential as do all the positive plates. They are in parallel.

(b) C = (71 X 10* m?)(8.85 X 1012 CYN-m?)/(0.001 m) = 6,195 pF js minimum value.
Maximum value is (4 X 10/m?)(6.195 pF)/(1 X 10 m?) = 24,8 pF.

V=E-1Ir 50=FE~65r, and 582 = E — 2.8r.
Solving, r = 222 Q E = 644 V.

Connect N resistors, each at value 7, in parallel. Total resistance is 1.8 kQ = r/N.

1 1 ]
V = (PR)? = [(5 W)(1.8 kQ)J = [(0.5 W)r]?
0.5)r = 9000 Q
r = 18000 Q = 18 kQ.
N = 18000 V1.8 kQ = 10.

There are two answers because the current can flow two ways in 4 Q resistor.
Va2 = (350 mA)(4 kQ) = 1400 V.

1400 V

) =175 mA.

Current in 8 kQ resistor =

Total current = 525 mA.

Assume current is left to right in 4 kQ.

Vi = (525 X 10-)(5 X 10%) — 1400 — 12 — (525 X 10%)(1) = 0
Vo = 4037.5 V.

If current flow is from right to left in 4 kQ,

Vo + (525 X 10-)(5 X 10°) + 1400 — 12 + (525 X 103)(1) = 0
Vo = = 4013,5 V.



Chapter 19 DC Circuits and Instruments 177

72. For half scale deflection the voltage drop across the galvonometer
is (30 )(15 X 10¢ A) =45 X 10* V,
Assuming the current through the shunt is 7, then R,/ = 4.5 X 10* V
and also (9 V-45X10* V)= + 15 X 10¢ A)(30 X 10° Q + R,,)
= (4.5 X 10%Ry + 15 X 10-5(30,000 + R..,).
If the 30 kQ resistance is removed the ammeter has full deflection. The voliage drop across the
galvonometer is (30 Q)(30 X 106 A) = 9 X 10 V,
As above, we deduce (9 V — 9 X 10#* V) = (9 X 10%R,, + 30 X 10%(R,.,).
We solve these two equations to obtain R, = 3.33 Q and R,,, = 30 kQ.
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Chapter 20

(@) F/t = IB sin 6 = (3.6 A)(1.20 T)sin(90°) = 4.32 N/m.
(b) F/t = (3.6 A)(1.20 J)sin(45°) = 3.05 N/m.

B = F{I{ = (3.80 N)/(30 A)0.25 m)] = 0,507 T.

I =F/8 = (0.9 N)/[(3.0 m)(0.080 T)] = 3.75_A.

F = ItB sin 0 = (280 A)/(180 m)(5 X 10 T)sin(60°) = 2.18 N.

F = gvB = (1.6 X 10 C)(2.84 X 10° m/s)(1.60 T) = 7.27 X 10 N.
Force is North. Remember electron has negative charge.

F = qvB = mv¥r. The proton will move in a circle in a clockwise direction in a plane perpc
to the magnetic field.
r=mv/gB = (1.67 X 107 kg)(8.25 X 10¢ m/s)/[(1.6 X 10-1% C)(0.180 T)] = 0.478 m.

(a) Qut
(b) Right
(c) Up
(d) Right
(e) Down

(f) Zerg

(2) In
(b) Right

(c) Down

ar



